ABSTRACT Durian skin fibre (DSF) reinforced high-density polyethylene (HDPE) composite was fabricated by melt-blending and then compression moulded. As DSF is polar and hydrophilic in nature, while HDPE is non-polar and hydrophobic, thus the adhesion between them is low. Therefore, maleic anhydride-grafted-polyethylene (MAPE) was added to enhance the interaction of HDPE and DSF. This paper highlight the effect of MAPE on HDPE/DSF composite. DSF content from 10, 20, 30 and 40 wt% were immersed in water for 70 days. Water absorption was increased with DSF loadings. However, the increasing of water absorption was low as MAPE was added. Furthermore, tensile properties of HDPE/DSF composite was degraded after 500, 1000 and 2000 h of UV radiation exposure. Morphological observation under SEM showed that the fibre and matrix became less interacted after exposed to UV radiation. Voids and gaps between HDPE and DSF in the presence of MAPE were reduced as revealed under SEM micrographs. The colour index of the HDPE/DSF composite was increased and became whiter with UV radiation exposure but the presence of MAPE reduced the colour changed. This showed that MAPE significantly improved the properties of HDPE/DSF composite.
INTRODUCTION
In recent years, the use of natural fibre as reinforcement for plastics, replacing glass fibre and other synthetic material has increased rapidly. This is due to the low cost, good specific properties, low density, renewability, environmental friendliness and reduced energy consumption. One of the example of natural fibre is durian skin fibre (DSF) that extracted from durian or Durio zibethinus. Durian is popular in Southeast Asia like Thailand, Malaysia, Indonesia and Philippines. The statistical data from Malaysia Ministry of Agricultural and Agro-Based Industry reported that Malaysia produced 320,164 metric ton (MT) of durian fruit in 2013. This production was roughly 20,000 MT greater compared to 2012 [1] . As the production of durian increased, the agricultural waste of durian also increased and may lead to the environmental problems if this waste is not dispose efficiently. To reduce this problem, these agricultural waste can be recycled and reused to produce new product. Durian skin fibre consist of 47.2% cellulose, 9.63% hemicellulose, lignin and ash with 9.89% and 4.20% respectively [2, 3] . Basically, cellulose has lower water absorption resistance because of the hygroscopic characteristic. Durian contains only 50-65% of flesh while the rest is considered as waste which include skin and seed which is 45-55% [1] .
Composite based on thermoplastic reinforced with natural fibre was increased over the last decade. The improvement of using this composite is due to good performance of natural fibre, for instance low density, high stiffness, low cost, renewability, environmental friendly and low energy consumption compared to features of inorganic reinforcement like glass, silica, clay and many more.
Material durability is a vital information to determine the effect of weathering in analysing the material life span for outdoor application. Material with good mechanical properties is not necessarily can endure the degrading elements of weather. Mechanical properties are reduced because of exposing to the ultraviolet (UV) radiation of sunlight, rain and humidity [4] . It is an important issue to understand the interfacial adhesion between polymer matrix and fibre reinforcement in composite. This is to ensure the composite product can be used in a longer time. Degradation of the interface of matrix and reinforcement resulting in decrease the performance of the composite for the stress transfer between these materials and reduce the mechanical properties [5] . This paper reported the effect of water absorption and UV exposure on mechanical and physical properties on HDPE/DSF composite. Maleic anhydride grafted polyethylene (MAPE) was added as a coupling agent for HDPE and DSF.
METHODOLOGY
Durian waste was obtained from the local market. Firstly, the inner skin was removed and then washed thoroughly to remove any dirt and dusk. After that, the skin was dried in an oven for 24 h at 60 C after chopping and grinding process. The skin was then crushed to get smaller size and was sieved with a 250 µm siever to get durian skin fibre as exhibited in Figure 1 . The blending of HDPE/DSF composites were processed using Thermo Haake 600P internal mixer at temperature of 135 C and a rotational speed of 65 rpm for 8 min. The composition were varied from 10 wt%, 20 wt%, 30 wt% and 40 wt% of DSF with the presence of 3 wt% of MAPE. The other compositions are 10 wt%, 20 wt%, 30 wt% and 40 wt% DSF with HDPE without MAPE and 100 wt% HDPE as well as shown in Table 1 . Upon completion of the mixing process, the composites blend were shaped in the mould by using a hot press machine with a 135 C for 8 min in each bottom and upside.
The HDPE/DSF composite samples were placed in Q-Sun Xenon 1 (UTM Skudai, Johor) test chamber for UV exposure. The irradiation of UV was set to 1.10 W/m² and the black panel temperature was 65 C. The samples were left in UV chamber for 500, 1000 and 2000 h. All samples were then tested for tensile test, Fourier transform infrared (FTIR) spectroscopy and characterized for its morphology by scanning electron microscope (SEM). Lastly, the samples were also analysed for its colour to investigate the effect of degradation after exposed to UV radiation. 3 CHARACTERIZATION OF THE COMPOSITE Water absorption analysis was carried out to determine the amount of water absorbed into the sample. The weight of the composite was measured for every 24 h for the first two weeks and continued once a week until the increasing of weight is constant. Before weighing, the sample was wiped with a tissue paper to ensure it is dry. The percentage of water absorption (WA) is determined by following Eqn. 1.
where 1 is the mass of the samples after immersion and 0 is the mass of the samples before immersion Tensile test was performed based on ASTM D638 using Universal Machine (Autograph AGS-X) with strain rate of 5 mm/min and load of 5 kN. Scanning electron microscope (SEM) (JEOL, JSM-5600) was used to observe the fracture surface of the composite samples before and after the UV exposure with magnification of 500X. Before morphology was observed, the samples were cut into small pieces and coated with thin layer of gold to avoid electrostatic charging during evaluation. FTIR was conducted to obtain the information of the existence of the functional groups at the surface of the samples. FTIR spectra were analysed with an IR spectrometer within wave number range between 4000 cm -1 and 600 cm -1 using Perkin Elmer, Model Spectrum One. The optical properties was measured by UV-Visible Spectrometer with the CIELAB colour system. In this colour system, L indicates lightness, a and b are the chromaticity coordinates where a is the red/green coordinate and b is the yellow/blue coordinate. Deltas for L (∆L), a (∆a) and b (∆b) representing the differences between initial values (before weathering) and final values (after weathering) of L, a and b, respectively. An increasing of L value indicates the sample is lightening. For example, positive ∆L for lightening and negative ∆L for darkening. Positive ∆a mean it switch toward red while negative ∆a mean it switch toward green. Positive ∆b signifies a shift toward yellow and negative ∆b signifies a shift toward blue. The total colour difference (∆E) is always positive and determined by using Eqn. 2.
3 RESULTS AND DISCUSSION 3.1 Water Absorption Test Figure 2 showed the percentage of water absorption of HDPE/DSF composites with and without MAPE. Water absorption of the composite samples were higher as the composition of DSF was increased. The water absorption of 40 wt% DSF was increased rapidly in the first ten days and continue until they reached the maximum and constant water uptake. The weight of the composite samples remain constant at certain time. At this point, it is called saturation point and the duration of this point is different for all compositions. Composition with 40 wt% of DSF without MAPE had the highest water uptake due to the hydrophilic nature of natural fibre and poor interfacial interaction between HDPE and DSF. DSF is a natural fibre and it is hydrophilic thus easy to absorb the moisture. The composition with 10 wt% of DSF with MAPE had better interaction between DSF and HDPE. The percentage of water absorbed was depend on the content of natural fibre in which 10 wt% was the lowest, then 20 wt% followed by 30 wt% and 40 wt%, respectively. This means that with increasing of DSF content, the cellulose content and the number of hydroxyl (OH) group in the composites also increased. This will result in increasing the water uptake as free OH-groups come in contact with water and form hydrogen bonding. The composite with lower cellulose content reach the equilibrium moisture content more quickly [6, 7] . However, adding MAPE into HDPE/DSF composite reduced the water absorption in the composite as shown in Figure 2 .
Each composition of DSF with MAPE absorbed lower moisture compared to without MAPE. MAPE acted as a coupling agent and thus blocked the permeation of water into the durian skin fibre. Water absorption of 10 wt% DSF with MAPE at 70 days was 2.3% higher compared to 10 wt% DSF without MAPE. This indicated that MAPE helped in improving the interfacial adhesion between DSF and HDPE by reducing the gaps as observed under SEM micrograph in Figure 4 . For pure HDPE, it showed that the water absorption was constant as it hydrophobic and absorbed no moisture. Figure 3 exhibited the tensile strength of unreinforced HDPE and HDPE/DSF composite with and without MAPE. HDPE/DSF composite with MAPE had higher tensile strength compared to without MAPE but lower than unreinforced HDPE. From Figure 3 , it was observed that the tensile strength was decreased as the exposure time to the UV was longer for all specimens. Tensile strength of the unexposed specimens were highest for each sample followed by 500, 1000 and 2000 h, respectively. The tensile strength of 500 h exposure time for HDPE recorded 15.2 MPa which was 11.6% higher compared to 1000 h. Tensile strength of HDPE/DSF dropped significantly at 38.9% after 1000 h of exposure. This was due to the broken polymer chains by UV radiation into smaller and micro-cracking occurred in polymer leading to the failure of specimens under lower loading with exposure time. Similar observation was also reported by Umar et al. (2012) on effect of accelerated weathering on tensile properties of kenaf reinforced high density polyethylene composites [4] .
The tensile strength of DSF composite was higher in the presence of MAPE because the interaction between filler and matrix became stronger [8, 9] . Interfacial adhesion was degraded and pore size was increased as the specimens were exposed to UV radiation. The UV exposure encouraged the molecular chain scission and formation of carbonyl and hydroperoxides. The poor interfacial bonding between fibre and polymer resulted in lower tensile strength. However, the addition of MAPE enhanced the strength of composite by bridging the DSF and HDPE and made their interaction better. This is evident in Figure 3 where the tensile strength of DSF composites with MAPE were higher compared to without MAPE. The existing of voids might also be a factor for the drop in tensile strength of HDPE/DSF composites.
3.3 SEM Micrograph SEM micrographs of the fracture surface from the tensile test of HDPE/DSF and HDPE/DSF/MAPE composites of unexposed and exposed to UV radiation were shown in Figure 4 . In Figure 4 (a), the fibre seem to detach from HDPE matrix and the formation of voids were clearly seen. This was due to the poor interfacial adhesion between the fibre and matrix. These features showed that the tensile strength of HDPE/DSF composite was low in the absence of MAPE. The presence of voids or gaps led to more weakening point, thus it diminished the strength [10] . The efficiency of stress transfer from matrix to fibre was also reduced because of the incompatibility between HDPE and DSF. Therefore, MAPE was used as a bridge between HDPE and DSF. The presence of MAPE enhanced the interfacial adhesion between matrix and fibre and hence improved the tensile strength of the composite. In addition, the voids between HDPE and DSF were decreased as shown in Figure 4(b) . As a result, the stress transfer between matrix and fibre could be effective.
However, the surface characteristic of HDPE/DSF composites were changed significantly after exposure to UV radiation. The bonding between the matrix and fibre became poorer for both specimens with and without MAPE. From Figure 4(c) , it revealed the surface of fibre was unequally distributed in the matrix due to the presence of voids. These voids leading to brittle and low tensile strength. Nevertheless, the crack formation in the HDPE matrix appeared to be less severe for the HDPE/DSF composite with MAPE compared to without MAPE. Furthermore, the presence of more voids were shown in Figure 4 (c) as coupling agent was absent compared to Figure 4(d) . A good compatibility between the matrix and fibre improved the strength after HDPE/DSF composites were treated with MAPE. 
Fourier Transform Infrared Analysis
The infrared spectra for durian fibre was obtained by using an FTIR spectrometer as shown in Figure 5 . From the Figure 5(a) , the peaks at 2915-2914 cm-1 and 2847 cm-1 represent the C-H stretching vibration while the peaks at 1472 cm-1 and 1462-1461 cm-1 demonstrate the C-H bending from the alkane group [13] . The OH peak was more likely to be broader in the presence of MAPE from 3500-3000 cm-1 showing that a reaction took place between the fibre's hydroxyl group and polar group in MAPE because of esterification reaction supplied by the MAPE [14] . The peak between 1750-1650 cm-1 is related with the C=O group and owned by maleic anhydride in MAPE. MAPE produced esterification reactions and covalent bonding with the hydroxyl group in cellulose fibre in order to enhance the bonding between HDPE matrix and DSF [14] .
The bands between 1461-730 cm-1 was disappeared after exposed to UV radiation. The peak at 802 cm-1 shown in Figure 5 (b) could be result from presence of lignin and was removed after exposed to UV. It was also noticed that the peak at 1262 cm-1 was missing as illustrated in Figure 5 (b). This is due to the hemicellulose that bind to each other was removed. The peaks detected at 1472-1464 cm-1 and 730-718 cm-1 associated with content of polyethylene crystalline (1472 and 730 cm-1) and amorphous content (1464-718 cm-1) [13, 15] .
Optical Test
The colour of composite specimens was changed as it underwent the photodegradation process. Figure 6 revealed the lightness of specimens was increased after it exposed to UV radiation. This showed that the specimens became whiter as exposure times was longer from 500 to 2000 h. However, the L values for HDPE/DSF/MAPE composite was lower than HDPE/DSF composite. The lightening of composite was lower due to the presence of coupling agent. The addition of MAPE blocked the penetration of UV radiation and to mask the bleaching of HDPE/DSF [11] . The values of ∆E at different exposure times for HDPE/DSF with and without MAPE were revealed in Table 2 . The increased values proved the increased of lightness as specimens turned whiter after it exposed to UV radiation. The specimens with 500 h of exposure times showed the lowest colour shift followed by 1000 and 2000 h, respectively. The difference of ∆E was due to bleaching of the fibre component, degradation of polymer as it exposed to UV radiation and the darkening effect which could be linked to surface oxidation [12] . Exposure to UV radiation, moisture and oxidation of polymer degraded the surface layer of composite and removed the colour of materials. Therefore, the colour of composite was changed. 6 CONCLUSIONS In this research, durian skin fibre (DSF) reinforced high density polyethylene (HDPE) with and without maleic anhydride-grafted-polyethylene (MAPE) as a coupling agent has been developed. The effects of MAPE on water absorption, tensile test, surface morphology and colour properties showed the followings:
1. The addition of MAPE reduced the water uptake. This suggests that coupling agent enhanced the interaction between natural fibre and polymer matrix as it decreased the water absorption when MAPE was added. 2. The performance of HDPE/DSF composite was degraded as the time exposure to UV radiation increased to 500, 1000 and 2000 h. However, incorporation of MAPE reduced the degradation of the HDPE/DSF composite. For example, after 2000 h of exposure, the tensile strength of HDPE/DSF without MAPE was 7.3 MPa and increased to 9.3 MPa when MAPE was added. 3. The surface morphology under SEM observation revealed that deterioration of the surface layer on HDPE/DSF composite occurred after exposed to UV radiation. Interfacial adhesion between HDPE and DSF for both unexposed and exposed UV radiation were poorer in the absence of MAPE. 4. The existence of MAPE reduced the colour change of HDPE/DSF composite.
